During the breeding season, male green anole lizards extend a throat fan (dewlap) in courtship. This behavior is facilitated by testosterone (T). Females extend a much smaller dewlap less often, even with the same dose of T. During the nonbreeding season when T is low, dewlap extension is reduced. To determine if parallels exist between structure and function, we investigated neuron soma size and density in the preoptic area (POA) and ventromedial nucleus of the amygdala (AMY), which are involved in the display behavior, in breeding and nonbreeding males and females. Cells from breeding animals were larger than cells from nonbreeding animals, but they were not sexually dimorphic. No significant effects existed in neuron density. This experiment indicates that portions of the anole forebrain important for sexual behavior are plastic and might be influenced by seasonal changes in steroid hormones. To investigate whether T can reverse the seasonal difference in soma size in both sexes, gonadectomized nonbreeding anoles were implanted with an empty or T propionate-filled capsule; animals were also tested for male-typical courtship behavior. Males and females treated with T had higher rates of dewlap extension, but across treatment groups these rates were greater in males. Neuron soma size in the POA and AMY was larger in males than females, but no effects of treatment were detected. Taken together, the results indicate that T can stimulate behavior in the nonbreeding season and suggest that a dissociation exists between the regulation of the courtship display and soma size of relevant brain regions. 
INTRODUCTION
Two portions of the forebrain, the preoptic area (POA) and the amygdala, play important roles in the display of reproductive behaviors in many vertebrate species (Crews and Silver, 1985; Meisel and Sachs, 1994) . Specifically, intracranial implant studies indicate that androgens act in the POA and amygdala to increase male sexual behavior in vertebrates ranging from reptiles to mammals (Davidson, 1966; Rozendaal and Crews, 1989; Wood and Newman, 1995; Riters, Absil, and Balthazart, 1998) . Additionally, parallels often exist between the morphology of these regions and the display of male sexual behavior, such that volume or neuron soma size are larger in males than in females. These sexual dimorphisms are in several cases maintained in adulthood by testosterone (T) or its metabolites (see Cooke, Hegstrom, Villeneuve, and Breedlove, 1998, for review) .
The purpose of the present study was to investigate whether parallels exist between structure and function in forebrain areas that are important for the induction of male sexual behavior in the green anole lizard, Anolis carolinensis. In this species, reproduction occurs during a breeding season approximately from April to July, cued by changes in day length and temperature (Licht, 1971 (Licht, , 1973 Crews, 1979 Crews, , 1980 . Males perform a series of head-bobs accompanied by the extension of a large red throat fan (dewlap) to court females, as well as to defend their territories against other males (Greenberg and Noble, 1944; Crews, 1979 Crews, , 1980 . In contrast, females have dewlaps that are much smaller than those of males, which they use less often in agonistic encounters and never during courtship (Greenberg and Noble, 1944; Nunez, Jenssen, and Ersland, 1997; Jenssen, Orrell, and Lovern, 2000) . Successful courtship leads to copulation, in which a male grips the skin of the female's neck and wraps his tail underneath hers, inserting one of his two hemipenes into the female's cloaca (Greenberg and Noble, 1944) . The sex differences in reproductive behaviors are paralleled by a number of structural differences between males and females. For example, the cartilage pieces that extend the dewlap skin, fibers of the ceratohyoid muscles attached to the cartilage mechanism, and their caudal brainstem motoneurons are all larger in males than females (Wade, 1998; O'Bryant and Wade, 1999) . Spinal motoneurons involved in masculine copulation are also larger and more numerous in males than females, and in adulthood the muscles controlling the hemipenes are only present in males (Ruiz and Wade, 2002) .
Masculine courtship and copulatory behaviors are androgen-dependent. T levels reach a peak of around 20 ng/ml during the breeding season, and fall to 1-10 ng/ml during periods of reproductive inactivity (Crews, 1980; Jenssen, Lovern, and Congdon, 2001; Lovern, McNabb, and Jenssen, 2001) . During the winter when T levels are low, display behavior is virtually absent (Jenssen, Congdon, Fischer, Estes, Kling, Edmands, and Berna, 1996) . Similarly, castration during the breeding season produces a decrease in these behaviors, and exogenous T reliably reverses this effect in males (Adkins and Schlesinger, 1979; Winkler and Wade, 1998; Rosen and Wade, 2000) . T can also facilitate masculine sexual behavior in females, although to a lesser degree (Winkler and Wade, 1998) .
As in other vertebrate species, lesion experiments demonstrate the critical role of the limbic regions in the production of male sexual behavior in the green anole. For example, ablating the POA disrupts sexual behavior (Wheeler and Crews, 1978) . Lesions of the ventromedial nucleus of the amygdala (AMY; also called posterior dorsal ventricular ridge in Greenberg, 1982) diminish courtship, but not aggressive, dewlap extensions in males (Greenberg, Scott, and Crews, 1984) . These regions contain androgen receptors (Morrell, Crews, Ballin, Morgentaler, and Pfaff, 1979; Rosen, O'Bryant, Matthews, Zacharewski, and Wade, 2002) , and intracranial implants of androgens into the POA stimulate sexual behavior in males (Morgentaler and Crews, 1978) , suggesting that T may locally influence the seasonal changes in behavior. The following experiments were therefore designed to determine whether structural differences accompany the seasonal changes in behavior and to test if these potential differences are hormonally regulated.
METHODS

Experiment 1
Housing conditions and treatments. Recently captured adult male and female green anoles were purchased from Fluker Farms (La Place, LA). Animals were collected during the season in which their tissues were taken and were maintained under temperature, lighting, and humidity conditions that approximated those they would have experienced in the field. All animals were housed in 29-gallon aquaria that each contained one male and at least three females. Each cage also contained a water bottle, sticks for climbing, rocks for basking, and peat moss as substrate. During the breeding season, intact males and females were maintained on a 14L:10D light cycle with room fluorescent lights, and full-spectrum bulbs and heat lamps over each cage allowed animals access to basking temperatures up to 38°C. Average daily temperatures ranged from 28 to 38°C (depending on distance from heat lamp) and the nighttime temperature was 18°C. Intact males and females that had been collected during the nonbreeding season were maintained on a 10L:14D light cycle, with average daily temperatures ranging from 23 to 30°C, and nightly temperature of 15°C. Throughout the year, humidity was maintained at 70%, and cages were also sprayed with water daily.
Tissue preparation. All animals (n ϭ 10 of each sex during the breeding season; n ϭ 8 of each sex during the nonbreeding season) were given an overdose of Sodium Brevital (Eli Lilly, Co.) and measured for snout-vent length (SVL) and body weight (BWT). Animals were then perfused transcardially with phosphate buffered saline followed by 10% phosphate buffered formalin. Reproductive condition was confirmed at the time of perfusion. Breeding males had large testes with hypertrophied vasa deferentia, while breeding females had at least one yolking follicle. Nonbreeding animals all had regressed gonads and ducts. Brains were removed and stored in phosphate buffered formalin overnight, then they were dehydrated in a series of alcohols, cleared in xylene, and embedded in paraffin. Tissue was then sectioned at 20 m, mounted onto clean slides, stained with thionin, and coverslipped with permount. Brains from both seasons were treated in an identical manner at every stage.
Measurement and analysis. The POA and AMY were defined with the aid of a green anole stereotaxic atlas (Greenberg, 1982; Fig. 1) . The POA was then further divided into dorsal and ventral portions, as it was clear from a cursory examination that the cells in these two areas were morphologically distinct. A difference in measured soma size between the two regions in both sexes was later confirmed by repeated measures ANOVA (F 1,29 ϭ 13.39, P ϭ 0.001), such that cells from the dorsal region were larger than cells located in the ventral portion of the nucleus.
Soma size and density were assessed in this experiment by an observer blind to sex and season in all brain regions as follows: a box sized 107 m by 80 m was captured on a PC computer screen using NIH Image software and an Olympus BX-60 light microscope, and all cells with a clear, definable nucleolus were counted within this box. This procedure was repeated in three randomly selected sections throughout each region on both sides of the brain, and the 6 values were averaged. The cross-sectional area of 25 cells randomly selected from within these captured images was measured on each side of the brain, and an average of the 50 soma sizes was used in statistical analyses. Soma size and density were also assessed in the same manner in nucleus rotundus, which does not contain androgen receptor message or protein in the green anole (Rosen et al., 2002) . This region has also been used as a control nucleus in songbird studies (e.g., Nottebohm and Arnold, 1976; Riters, Eens, Pinxten, Duffy, Balthazart, and Ball, 2000) . Additionally, to obtain an estimate of relative brain size in the region of interest, the height of the third ventricle was measured at two levels using NIH Image, chosen because all of the soma size measurements (in the POA, AMY, and nucleus rotundus) were located in between them.
First, the length of the third ventricle between the optic chiasm and the anterior commissure was measured. Then, at the level of the ventromedial hypothalamus, the distance from the ventral edge of the brain (one end of the third ventricle) to the dorsal edge of the habenula (other end of the third ventricle) was assessed. Measurements in three tissue sections at each of the two locations were taken per animal, and the six values were averaged.
For SVL, BWT, soma size, third ventricle height and neuron density, and the effects of sex and season were analyzed by 2-way ANOVA (Statview, SAS Instruments). Due to histological artifacts, soma size data could not be obtained from all animals on all measures. Final sample sizes are indicated in the figures. Third ventricle height also could not be obtained from one animal. Based on the results (see below), simple regression analyses were run between SVL and each soma size measure, as well as between third ventricle height and the soma size values to determine whether relationships existed between body or brain size and neuron some size (e.g., whether some correction based on these variables was appropriate).
Experiment 2
Housing conditions and treatments. Intact males and females obtained from the field during the nonbreeding season (n ϭ 16 of each sex, n ϭ 8 of each treatment group) were first acclimated to the lab colony in group cages (as in Experiment 1) for 2 weeks, and then randomly selected from these cages and housed individually in 10-gallon aquaria that contained a small water dish, rocks for basking, and peat moss. Stimulus females were housed together without a male in a 29-gallon aquarium also containing a water bottle, sticks, rocks, and peat moss. Temperature and lighting conditions were as reported for the nonbreeding season in Experiment 1. All experimental animals were deeply anesthetized with Isoflourane and gonadectomized while on ice. A small incision was made through both the skin and muscle wall on the side of the animal, just rostral to the hindlimb. The gonad was extracted through that hole, tied off with silk, and removed by a cauterizer. The incision was sutured and the procedure was repeated on the other side of the body. At the time of gonadectomy, each animal received a subcutaneous Silastic capsule filled with Tpropionate (TP; Steraloids) or a blank (BL). Capsules were 7 mm long and had 1 mm at each end filled with sealant (1.65 mm o.d. ϫ 0.76 mm i.d.). This implant size was chosen because it reliably stimulates mascu- line sexual behaviors under these housing conditions during the breeding season (Rosen and Wade, 2000) . Stimulus females were gonadectomized as above, and then received subcutaneous injections in the neck of 4 g estradiol benzoate suspended in 20 l steroid suspending vehicle (for recipe see Wade, Gong, and Arnold, 1997) . These injections were administered daily starting one day prior to the first day of testing. This treatment has been used reliably in our laboratory to induce female receptivity during the breeding season (Winkler and Wade, 1998; Rosen and Wade, 2000) .
Behavioral assay. In order to assess whether the brain was sensitive to gonadal hormones during the nonbreeding season, animals were subjected to behavioral tests. Tests began two weeks after implantation, and ran for 10 min on three consecutive days between the hours of 10:00 AM and noon. The frequencies of the following behaviors were recorded: bouts of headbobbing accompanied by dewlap extension; mount attempts; and whether copulation occurred. The presence of a crest along the animal's dorsal surface and a dark spot behind the eye were also noted, as they are typical components of masculine aggressive displays (Greenberg, 1977; Jenssen et al., 2000) . The observer was seated behind a cardboard blind with a hole cut for viewing, and had no knowledge of the treatment of each individual. Behavior tests occurred in the test animal's home cage with a stimulus female that was introduced at the start of the testing period. Each stimulus female was used once per day and only once with each experimental animal.
Tissue preparation. Immediately following the last behavioral test, SVL and BWT measurements were taken, animals were anesthetized and perfused as in Experiment 1. Castrated animals treated with T had hypertrophied vasa deferentia, while those treated with a blank capsule had diminished accessory sex structures. At the time of euthanasia, all capsules were present, with T remaining in those packed with the hormone and no testicular remnants existed in any of the animals. Brains were removed and stored in phosphate buffered formalin overnight and then embedded in paraffin, sectioned, and stained as in Experiment 1.
Measurement and analysis. An observer blind to sex and treatment conducted the measurements for soma size in each of the four brain areas and third ventricle height as in Experiment 1. Neuron density was not assessed for this portion of the study, as no main effects were detected in Experiment 1. Each behavior was averaged across the three tests for each animal. Data on body size, third ventrical height, neuron soma size, and behavior were analyzed by 2-way ANOVA (Statview, SAS Instruments). In addition, SVL, BWT, and the two third ventricle measurements were compared between Experiments 1 and 2 by unpaired t test (Statview) to determine whether brain size and SVL were consistent across the two studies.
One animal died during the treatment period and was not available for behavior tests or other analyses, and the brains of a few animals had to be excluded due to problems with histology. Final sample sizes are included in the figures, and as for Experiment 1, degrees of freedom are included with statistical results.
All procedures were conducted according to NIH guidelines and with the approval of Michigan State University All University Committee on Animal Use and Care.
RESULTS
Experiment 1
Neuron soma size. Neuron somata were larger during the breeding season than the non-breeding season in both the dorsal (F 1,30 ϭ 7.41, P ϭ 0.011) and ventral POA (F 1,29 ϭ 7.32, P ϭ 0.011), as well as in the AMY (F 1,26 ϭ 10.53, P ϭ 0.003) (Figs. 2 and 3 ). Soma size was equivalent between the sexes in the ventral POA and AMY, although a trend for larger cells in males existed in the dorsal POA (F 1,30 ϭ 3.96, P ϭ 0.055). No interactions between sex and season were detected in these limbic regions. In nucleus rotundus, no significant main effect of season, sex, or interaction was detected (Fig. 2) .
Neuron density. Neuron density was not different between the sexes or seasons in any of the three forebrain regions assessed (Table 1) . However, a significant interaction between sex and season was detected in the ventral POA (F 1,29 ϭ 9.03, P ϭ 0.005). Neuron density appeared to increase in the nonbreeding season in males but decrease in females. As no overall significant effect of season or sex existed in neuron density, this measure was not assessed in the control, nucleus rotundus.
General measures. Males were larger than females, as assessed by both SVL (F 1,32 ϭ 196.66, P Ͻ 0.0001) and BWT (F 1,32 ϭ 238.07, P Ͻ 0.0001), although the estimate of third ventrical height was equivalent between the sexes (Table 2) . Animals were longer (SVL; F 1,32 ϭ 11.60, P ϭ 0.02), as were their third ventricles (F 1,31 ϭ 9.20, P ϭ 0.005) in the breeding season than the nonbreeding season. However, equivalent BWT indicates that general health was comparable across seasons.
The slightly smaller SVL between the seasons does not explain the soma size differences. Only one out of the 16 possible correlations between SVL and soma size in the 4 regions within each group was significant (nonbreeding females: R 2 ϭ 0.53, P ϭ 0.041), and it was in nucleus rotundus which did not show a seasonal difference in soma size (all others, R 2 Ͻ 0.39, P Ͼ 0.13). A potential change in brain size is also not responsible for the seasonal difference in POA and AMY soma size. In only one case was soma size in a limbic region positively correlated with third ventricle height (AMY of nonbreeding females; R 2 ϭ 0.72, P ϭ 0.015). Soma size in nucleus rotundus in nonbreeding males was also significantly correlated with this measure (R 2 ϭ 0.70, P ϭ 0.018), and the association was marginal in nonbreeding females (R 2 ϭ 0.47, P ϭ 0.062). In all other cases a relationship between soma size and the estimate of third ventricle height clearly did not exist (R 2 Ͻ 0.17, P Ͼ 0.25).
Experiment 2
Behavioral assay. As described above, the green anole dewlap is used consistently in two contexts. During the breeding season in both the field and the lab, aggression and courtship are distinct behavioral classes that are easily distinguishable (Mason and Adkins, 1976; Jenssen, Greenberg, and Hovde, 1995; Winkler and Wade, 1998) . Aggressive behavior in males is characterized by head-bobbing followed by a partial dewlap extension, and includes sagittal expansion of the body, an extended throat, and the formation of a crest along the animal's back and a black spot behind the eye (Greenberg, 1977) . Courtship also involves a series of headbobs followed by a dewlap extension, but sagittal expansion, engorgement of the throat, and crest and eyespot formation do not accompany it. Instead, males raise themselves up on their forelimbs and extend the dewlap in a very rounded fashion, while turning the head sideways to allow for maximal viewing of the throat fan (Greenberg and Noble, 1944; Greenberg, 1977) . In the lab, these two behaviors are generally context-dependent; when with a female, a male performs a courtship display, with a male he performs an aggressive display.
While during the breeding season two discernable types of behavior exist in which the dewlap is used, displays during the nonbreeding season in the present study were not entirely classifiable. All males exhibited a type of "mixed" behavior that had components of both aggression and courtship. For example, males would typically have an extended throat and sagittally expanded body, but without an eyespot or fully raised crest. In addition, males would often approach females, but would not engage in any physical contact. We therefore included all behavioral bouts with a dewlap extension in our analysis, because we could not confidently separate them into aggressive and courtship contexts.
Across treatments, males displayed more head-bobbing bouts accompanied by dewlap extension than did females overall (F 1,27 ϭ 4.77, P ϭ 0.038; Fig. 4 ), but TP treatment increased display behavior in both sexes (F 1,27 ϭ 6.73, P ϭ 0.015; Fig. 4) . No significant sex by treatment interaction was detected, and no incidence of copulation (even mounting) occurred in any behavioral test.
Neuron soma size. Males had larger cells than females in the dorsal POA (F 1,24 ϭ 40.48, P Ͻ 0.0001), ventral POA (F 1,24 ϭ 5.10, P ϭ 0.033), and AMY (F 1,24 ϭ 4.31, P ϭ 0.049; Fig. 5 ). No significant effects of treatment or interactions were detected. In the control area, nucleus rotundus, no effect of treatment or interaction between sex and treatment existed (Fig. 5) . As there was no main effect of season or sex in Experiment 1, neuron density was not assessed for this portion of the study.
General measures. As in Experiment 1, and common in this species (Jenssen, Congdon, Fischer, Estes, Kling, and Edmands, 1995) , males were larger in size compared to females (Table 2) . SVL was significantly greater in males (F 1,26 ϭ 58.80, P Ͻ 0.0001), as was BWT (F 1,26 ϭ 87.29, P Ͻ 0.0001; Table 2) In contrast, the length of the third ventricle was equivalent both between males and females, and between the treatment groups (Table 2 ). There was also no difference in body size (by either measure) between animals treated with T or with a blank capsule. No significant inter- Note. Standard errors included in parentheses, sample sizes included in brackets. POA ϭ preoptic area, AMY ϭ ventromedial nucleus of the amygdala. action was detected on any measure. SVL and BWT were statistically equivalent between Experiments 1 and 2, as was brain size, determined by an estimation of the height of the third ventricle.
DISCUSSION
General Conclusions
In Experiment 1, we documented seasonal differences in Nissl-defined soma size in three regions of the forebrain important for male sexual behavior: the dorsal and ventral portions of the POA, and the AMY. Like neuron soma size, SVL and a rough estimate of brain size (third ventricle height in the general area of interest) were larger in the breeding than the nonbreeding season. It is possible that the brains were smaller because the animals were smaller in the nonbreeding season, or large areas of the brain may shrink in the nonbreeding season due to factors such as a decrease in energy consumption or metabolism. It is highly unlikely that the bodies of the lizards shrink as a whole in the nonbreeding season; the decrease in SVL is simply an unfortunate occurrence in these adult animals that were collected in the two seasons. In both the breeding and nonbreeding seasons, we randomly selected animals for these experiments from those that were received from the field. It is clear, however, that the changes in POA and AMY soma size are not due to differences in body or brain size. SVL is not correlated with neuron size, and even with a large sex difference in SVL, soma size in Experiment 1 is statistically equivalent in males and females in all three limbic regions. Similarly, with one exception, third ventricle height is not positively correlated with soma size in any of these areas. Finally, neurons in the control nucleus rotundus did not change seasonally, which suggests that even if several regions of the brain are modified, a change in soma size is not ubiquitous. The results from this experiment indicate that neuron soma size in regions of the forebrain involved in male sex behavior are plastic in adulthood (they are not simply due to differences in body or brain size), and that these structural changes mirror behavioral changes that occur across seasons. However, the fact that the changes in soma size in regions controlling primarily masculine displays occur similarly in females suggests that the measure may not be directly related to behavior.
In Experiment 2, we documented the ability of T treatment to facilitate masculine behavior in both males and females during the nonbreeding season, although even with equivalent T replacement males displayed more than females. While the behavior was somewhat modified in the present study, these results are consistent with data obtained on courtship in the Note. Standard errors included in parentheses, sample sizes included in brackets. BWT ϭ body weight, SVL ϭ snout-vent length, 3V ϭ third ventricle, BS ϭ Breeding Season, NBSϭNonbreeding Season, TPϭTestosterone Propionate, BL ϭ Blank.
FIG. 4.
Effect of androgen treatment on the rate of displays (mean Ϯ SE). Castrated males were treated with either testosterone propionate (TP) or an empty (BL) capsule. Final sample sizes are included for each group. Asterisk denotes statistical difference between treatment groups and the different letters represent the main effect of sex, P Ͻ 0.05. breeding season (Winkler and Wade, 1998) . However, T did not affect the size of neurons in any of the regions assessed. Surprisingly, we did find that neuron soma size in all three limbic regions was larger in males than in females, regardless of treatment. These data suggest that a dissociation exists between the endocrine regulation of a behavior and the plasticity of relevant forebrain regions. Specifically, the experiments indicate that, unlike behavior, seasonal and sexual differences in these forebrain regions are not mediated by seasonal fluctuations in T levels.
Seasonal Differences
The data from Experiment 1 are consistent with avian studies, which describe the seasonal change of volume and in some cases soma size of forebrain regions. For example, the volumes of song control nuclei increase during the breeding season when singing behavior is increased and regress in the nonbreeding season when singing behavior is diminished (domesticated canary: Nottebohm, 1981 ; whitecrowned sparrow: Smith, Brenowitz, Wingfield, and Baptista, 1995) . Similarly, nucleus preopticus medianus volume and soma size are greater in Japanese quail exposed to long photoperiods that stimulate breeding compared to short daylengths in which gonads regress (Thompson and Adkins-Regan, 1994) . In European starlings, preoptic median nucleus volume is larger in males during the summer breeding season than the post-breeding season (Riters et al., 2000) . The volume of the anterior hypothalamus/POA in whiptail lizards is also smaller in males that are reproductively inactive compared to breeding males (Wade and Crews, 1991) . In these cases, the primary mechanism for the seasonal changes in volume or cell size appears to be the natural fluctuations in T that occur across the breeding and nonbreeding seasons (Wade and Crews, 1991; Wade, Huang, and Crews, 1993; Thompson and Adkins-Regan, 1994; Riters et al., 2000) . Similarly, adult T masculinizes both volume and soma size in the posterodorsal portion of the medial amygdala in rats (Cooke, Tabibnia, and Breedlove, 1999) .
In anoles, T decreases during the non-breeding season in both sexes Lovern and Wade, 2001 ). Males also have higher levels of circulating T than do females, in both the breeding and nonbreeding seasons . These data are consistent with the fact that T stimulates masculine sex behavior in both males and females, and while it also facilitates female receptivity (via aromatization to estradiol), T is most critical for male reproduction (Winkler and Wade, 1998; Rosen and Wade, 2000) . However, since T in the nonbreeding season did not influence neuron soma size, it appears that the steroid affects behavior by a mechanism that does not involve a change in this measure, as detected by a Nissl stain. The uncoupling of this feature from behavioral displays is similar to what occurs in the brainstem. Dewlap motoneuron size (also Nissl-defined) is not affected by T treatment in either the breeding or nonbreeding season in green anoles, nor does this feature change seasonally (O'Bryant and Wade, 1999) . It is currently unknown if T affects morphology in the forebrain regions during the breeding season. However, it may be that T increases cellular function that enhances either the motivation for or mechanics of masculine behavior without a concomitant change in factors detected by a Nissl stain, such as the extent of endoplasmic reticulum.
This type of dissociation occurs in diverse species in terms of both sex and seasonal differences. For example, in the whiptail lizard (Cnemidophorus inornatus), T stimulates male-typical sexual behavior in both adult males and females, but only increases the volume of the sexually dimorphic anterior hypothalamus/POA in males (Wade et al., 1993) . Similarly, male and female bush shrikes (Laniarius funebris) have similar song repertoire size and structure, but males support a larger network of song control nuclei than do females (Gahr, Sonnenschein, and Wickler, 1998) . A population of wild canaries changes its songs seasonally, with males showing an increase in the breeding season in the number of syllables that are particularly attractive to females. This behavioral difference is paralleled by increased T during the breeding season. However, seasonal differences in the volume of song control nuclei (delineated by either Nissl stain or androgen receptor mRNA) do not exist; nor is there an effect of season on neuron number or density, or on the number or size of cellular organelles (including nucleoli and endoplasmic reticulum) (Leitner, Voigt, GarciaSegura, Van't Hof, and Gahr, 2001) . Finally, T masculinizes the display of sex behavior in female ferrets without inducing a parallel masculinization of a sexually dimorphic portion of the POA (Cherry, Basham, and Baum, 1991) .
Regardless of what may happen in the breeding season in anoles, it is not the case that animals become completely unresponsive to T in the nonbreeding season. Both the brain and portions of the periphery are sensitive to T during the nonbreeding season. For example, while no animal copulated, a neural response to T is indicated by the increase in display behaviors in the present study. We have also documented that the renal sex segment of the kidney (which performs functions similar to the mammalian prostate) responds to exogenous T during the nonbreeding season with an increase in epithelial cell height (O'Bryant and Wade, 1999) . It is of course possible that, while the renal sex segment was responsive to T, not all peripheral components necessary for copulation were adequately stimulated. Similarly, it is possible that the lack of copulatory behavior was due to decreased attractiveness or receptivity of stimulus females. Some evidence suggests that females are not as responsive to steroid hormones in the nonbreeding as the breeding season (Wu, Whittier, and Crews, 1985) , but male anoles in our lab display to unreceptive females. So while firm conclusions cannot be drawn from the data on copulation, results on dewlap extension provide a clear indication that the animals were responsive to T.
If T does not induce the seasonal change in soma size, what might? Other gonadal steroids are of course possible, but melatonin also can modify cell morphology in at least one other species. It decreases the volume of the high vocal center of European starlings, regardless of circulating T levels (Bentley, Van't Hof, and Ball, 1999) . In the green anole, melatonin binds heavily in nucleus rotundus, but very lightly in the POA and is not detectable in the AMY (Wiechmann and Wirsig-Wiechmann, 1994) . This pattern suggests that it is unlikely that melatonin is involved in the specific seasonal changes in soma size observed in this study (which occurred in the POA and AMY, but not nucleus rotundus). It is not necessarily surprising that melatonin would not be a primary mechanism in anoles, since the hormone's secretion is regulated by photoperiod. Unlike the highly photoperiodic species in which melatonin directly influences neural mor-phology (see above), additional factors such as temperature play an important role in stimulating green anole reproduction. Males exposed to long daylengths and high daytime temperatures experience testicular recrudescence, but animals maintained in cold temperatures or treated with high temperatures only at night are impervious to the effects fluctuating daylengths (Licht, 1967) . Females also depend on both temperature and photoperiod to maintain their ovarian cyclicity, but factors such as moisture and social interactions are also important (Licht, 1973) .
Sex Differences
It is interesting that, while there was a suggestion of a sex difference in soma size in only one of the brain areas assessed in Experiment 1, sexual dimorphisms were present in soma size in each of the limbic regions measured in Experiment 2. These data are consistent with those in diverse model systems. For example, neuron soma size in the anterior hypothalamus/POA is larger in males compared to females in the whiptail lizard (Wade and Crews, 1992) . Similarly, volume of the region or its components is often larger in males compared to females (rat: Gorski, Gordon, Shryne, and Southam, 1978; guinea pig, rat, hamster, mouse: Bleier, Byne, and Siggelkow, 1982; ferret: Tobet, Zahniser, and Baum, 1986 ; Japanese quail: Viglietti-Panzica, Panzica, Fiori, Calacagni, Anselmetti, and Balthazart, 1986; whiptail lizard: Crews, Wade, and Wilczynski, 1990; rat: Hines, Allen, and Gorski, 1992) .
The question, of course, is why the same sexual dimorphisms were not present in the breeding season. Clearly, if neuron soma size is important for stimulating masculine behaviors, a sex difference would have been detected when animals display the highest levels of behavior. There were no obvious differences between the animals in the two experiments; they were equivalent in body and brain size, at least by our rough estimate. Also, in both experiments, cells were on average larger in the two regions of the POA and the AMY in males than females. The magnitude of the sexual dimorphism was in all cases greater in Experiment 2, but it seems unlikely that the difference between the two experiments is biologically relevant (mean male-female difference across the 3 brain regions ϭ 6 m 2 for Experiment 2 and 4 m 2 for Experiment 1). While we can only speculate as to what may have contributed to this difference in main effects between the experiments, the studies differed in two ways. First, the animals in Experiment 1 were gonadally intact, but in Experiment 2 the animals had all been gonadectomized and given equivalent levels of T or an empty capsule. While T is probably not the cause, perhaps other gonadal secretions produced a change in Experiment 1 that prevented detection of a sexual dimorphism. Second, animals in Experiment 1 were housed in group cages whereas the animals in Experiment 2 were isolated (even visual communication was prevented by black dividers between cages). While other factors certainly contributed to the analysis, in the two regions of the POA the variability (standard errors) was generally increased in Experiment 1 compared to Experiment 2. It is possible that fluctuations in gonadal steroids or levels of social interaction enhanced the variability in the first study. Other studies have also shown that social interactions can affect brain structure (Tramontin, Wingfield, and Brenowitz, 1999; Cooke, Chowanadisai, and Breedlove, 2000) .
